The ecdysial membrane of the moth, Ephestia kiihniella Z.
A few years ago, P a s s o n n e a u and W i l l i a m s 1 de scribed a new membrane found between the old and new cuticles of molting caterpillars and pupae of the moths Telea and Platysamia. They named it the " ecdysial membrane." Excellent photographs from serial sections are given by L o w e r 2. A more detail ed study of the membrane's chemical composition and ultrastructure by electron microscopy showed it to be a typical sheet of cuticle with recognizable outer, middle and inner sublayers, and hence led to the suggestion that it might possibly represent a distinct cuticle with the function of somehow facili tating the process of moulting 3. More recently, M a l e k 4 studied this membrane in locusts and present ed evidence for suggesting that the membrane is not a separate cuticle but only the innermost lamina of the old cuticle modified by leakage into it (or them) of sclerotization compounds produced for the new cuticle. M a l e k 's suggestion is an attractive one, and I have come to think it is probably correct.
In the course of studying another problem I hap pened to obtain a specimen of the moth Ephestia kiihniella that only partially completed the larvalpupal transformation. This specimen showed almost complete digestion of all the larval procuticle, the unshed skin being little more than epicuticle except for the few sclerotized regions and certain small areas. It also had a strong ecdysial membrane (Fig. 1 *) . And, interestingly, this ecdysial membrane became continuous with the inner part of the larval endocuticle at those places where for some reason the endocuticle had not been fully digested in this abnormal moult (Fig. 2 ) .
The above agrees with normal prepupae of Ephes tia which show a somewhat different picture from Platysamia and Persectania. In the latter two species the ecdysial membrane appears fully formed when the old cuticle becomes separated from the under lying cell layer, but in Ephestia the prepupal cuticle separates from the epidermis with the ecdysial mem brane partly free and partly still continuous with the endocuticle of which it clearly forms the inner most laminae (Fig. 3 ) . Separation of the ecdysial membrane does not become complete until after the enzymes of the moulting fluid digest the remainder of the endocuticle.
It has recently been learned that the " wild-type," " blade," and presumably most mutant stocks of Ephestia fail to digest any of the pupal endocuticle whereas the mutant " he" does (as do almost all in-sects) °. For the first two-thirds of pupal life none of these Ephestia stocks show any trace of an ecdysial membrane between pupal and adult cuticles (Fig. 4 A ) . In the last third of pupal life the stocks which show no digestion of the pupal cuticle con tinue to show no trace of an ecdysial membrane. But the stock " Ae" which shows the customary di gestion of the inner portion of the pupal cuticle does show a thin ecdysial membrane after this digestion (Fig. 4B ). In this particular case, then, the pre sence of an ecdysial membrane is correlated with digestion of the old endocuticle.
The above points are strong evidence in favor of M a l e k 's suggestion. But acceptance of M a l e k ' s idea leaves us with several unsolved problems. First, there is the question of why some species or groups show no trace of such a membrane. For instance, nothing such is to be seen in the American cock roach or in blowfly puparia, and while probably present it is at least not conspicuous in the pupal cuticle of honeybees6. A n ecdysial membrane has been recorded for locusts 4 and in widely separated groups of moths: Saturniidae 1; 3, N octuidae2 and now the Pyralidae. Perhaps this inconsistency only implies that some species do not permit leakage of tanning agents into the old cuticle. But the enzymes of the moulting fluid and the digested products of the old cuticle must pass freely through the new cuticle.
Second, it is well-known that the moulting fluid does not affect sclerotized cuticle ( = exocuticle). It digests only the endocuticle which stains with dyes such as aniline blue, and the fuchsinophile mesocuticle after reconverting the mesocuticle to a layer that stains with aniline b lu e 2. The ecdysial mem brane also stains intensely with aniline blue, yet it is resistant to the enzymes of the moulting flu id 7.
Either another yet unknown pathway to enzymic re sistance is involved in the formation of the ecdysial membrane, or resistance to the moulting fluid is 6 A. G. given by a first stage of sclerotization that has not as yet been recognized by histological methods.
Finally, there is the still unsolved question of why the new cuticle is not affected by the enzymes of the moulting fluid which must pass through it. Some workers have suggested that the new cuticle is already sclerotized by the time the enzymes are secreted. Relevant in this connection is the abnor mal pupa mentioned above. It showed digestion of the larval cuticle, except for the ecdysial membrane, both in areas over sclerotized pupal cuticle and over unsclerotized (blue-staining) pupal cuticle. (And all insects have unsclerotized intersegmental membra nes.) Either the enzyme secretion is localized or again there must be some preliminary stage in scle rotization not yet recognized by histological methods.
Interpretation of the ecdysial membrane as an innermost lamina implies that the extremely thin granular layer seen in electron micrographs may be a sheet in the process of formation. Such an inter pretation would give more credence to the interpre tation of the origin of microfibers presented pre viously 3. But. of more relevance to this note, this youngest portion of the old cuticle is made resistant without having its stainability changed. It seems most reasonable to assume (and to look for) a pre liminary change blocking enzymic action of the moulting fluid both in the ecdysial membrane and in the new cuticle, this step occurring only in early stages of cuticle formation, not at later periods when the presumptive mesocuticle and endocuticle are being laid down.
Such an interpretation has the advantage of not only accounting for the ecdysial membrane but also suggesting answers both for the resistance of the new cuticles and for the usual lim itation of sclero tization to the outer part of the cuticle. It does not. however, touch on the question of why hard cuticle refractory to staining may be either transparent, brown or black.
fluid. Direct tests will be required however before we can be sure that these represent resistance to the enzymes of the moulting fluid rather than absence of enzymes in these somewhat isolated areas.
A. E.M. = eedysial membrane: P = pupal cuticle: S = scales of developing adult.
